Expression and Evolution of the cation-coupled cotransporters in Aedes aegypti Larvae by DeBrosse, Adrienne & Gillen, Christopher M.
Digital Kenyon: Research, Scholarship, and Creative Exchange
Kenyon Summer Science Scholars Program Summer Student Research Scholarship
Summer 2017
Expression and Evolution of the cation-coupled





Follow this and additional works at: https://digital.kenyon.edu/summerscienceprogram
Part of the Ecology and Evolutionary Biology Commons
This Poster is brought to you for free and open access by the Summer Student Research Scholarship at Digital Kenyon: Research, Scholarship, and
Creative Exchange. It has been accepted for inclusion in Kenyon Summer Science Scholars Program by an authorized administrator of Digital Kenyon:
Research, Scholarship, and Creative Exchange. For more information, please contact noltj@kenyon.edu.
Recommended Citation
DeBrosse, Adrienne and Gillen, Christopher M., "Expression and Evolution of the cation-coupled cotransporters in Aedes aegypti





Animal	Rearing:	Aedes	aegyp*	eggs	were	obtained	 from	BEI	Resources	 (LVP-IB12)	or	 the	 lab’s	 colony.	Eggs	
were	hatched	under	a	vacuum	for	3	hours	in	~3	cm	standing	0.1%	sea	water	and	larvae	were	raised	in	0.1%	
sea	water	for	72	hours.	Larvae	were	fed	daily	with	3	parts	TetraFin	to	every	1	part	yeast	extract	ad	libitum.	
The	 larvae	were	 randomly	sorted	 into	3	 separate	 rearing	condiUons:	0	mM	NH4Cl,	1	mM	NH4Cl,	and	5	mM	
NH4Cl.	The	larvae	were	fed	ad	libitum	once	per	day	for	another	48	hours.	The	water	was	changed	once	(48	hr)	
and	the	larvae	were	starved	for	the	last	24	hours	prior	to	RNA	isolaUon.	Colony	was	maintained	with	larvae	
raised	 in	 tap	water,	 fed	ad	 libitum	daily	as	 larvae	and	 fed	ad	 libitum	with	sucrose	 soluUon	 (10%)	as	adults.	





protocol	 recommended	by	 the	manufacturer	 (ThermoFisher).	RNA	samples	were	purified	with	TURBO	DNA-
free	(Ambion)	and	Clean	&	Concentrator	(Zymo)	according	to	manufacturer	 instrucUons.	The	concentraUons	
of	 the	RNA	samples	were	measured	by	 spectrophotometry.	Total	RNA	 (2.50	μg)	was	 reverse	 transcribed	 to	
cDNA	using	the	TaqMan	polymerase	kit	(Applied	Biosystems)	under	the	following	condiUons:	50	μL/reacUon,	
25	 °C	 for	 10	 min,	 42	 °C	 for	 30	 min,	 95	 °C	 for	 5	 min,	 4	 °C	 infinite	 hold.	 Template	 RNA	 without	 reverse	
transcriptase	 added	 to	 the	 reacUons	 served	 as	 the	 negaUve	 control.	 RelaUve	 levels	 of	 transcript	 were	
quanUfied	 using	 SYBR	Green	mix	 (ABI),	with	 primers	 for	 ribosomal	 protein	 S5	 (aeRsp5)	 as	 the	 endogenous	
control	 and	 primers	 to	 detect	 aeNKCC1,	 aeCCC2,	 and	 aeCCC3.	 The	 template-free	 cDNA	 was	 used	 as	 the	
negaUve	control.	The	qPCR	ran	as	follows:	50	°C	for	2	min,	95	°C	for	10	min,	40x	[95°C	for	15	seconds,	60	°C	for	
1	min],	with	 dissociaUon	 stage	 (95	 °C	 for	 15	 seconds,	 60	 °C	 for	 1	min,	 95	 °C	 for	 15	 seconds,	 60	 °C	 for	 15	
seconds)	 on	 the	7500	RT	PCR	 System	 (ABI).	DNA	 levels	were	quanUfied	using	dCt	 values	 and	 compared	by	
ANOVA		
		










•  How	do	other	 insect	 species	with	mulUple	CCCs	differ	between	 their	
paralog	sequences?	
I	would	like	to	thank	to	Professor	Chris	Gillen	for	his	guidance	in	my	project	
this	 summer.	 A	 big	 thanks	 to	 Jack	 Crow	 for	 teaching	 me	 how	 to	 use	
sequence	 alignment	 soqware,	 and	 for	 sharing	 his	 work	 on	 the	 sequence	
database.	I	would	also	like	to	thank	Sam	Wolf	and	David	Anderson	for	their	
companionship	 in	 lab	 and	 their	 joint	 effort	 in	 maintaining	 our	 colony.	 I	
extend	 my	 thanks	 to	 Pete	 Piermarini	 and	 his	 lab	 for	 their	 advice	 with	









Fig.	 4:	 DifferenUal	 expression	of	 three	 putaUve	Na+-coupled	 caUon	 chloride	
cotransporter	 (CCC)	 gene	 transcripts	 across	 Ae.	 aegyp*	 larvae	 exposed	 to	
varying	 levels	 of	 NH4Cl	 for	 72	 hr.	 Smaller	 dCT	 values	 indicate	 higher	
expression.	N		=	9.	Each	sample	was	pooled	from	8-10	larvae.	Ribosomal	RNA	
‘Rps5’	=	internal	control.	Error	bars	=	SEM.	For	aeNKCC1:	ANOVA,	F	=	0.7303,	




Fig.	 3:	 PhylogeneUc	 analysis	 of	 SLC12	 family	 protein	 sequences	 across	









•  Insects	 experienced	a	basal	duplicaUon	event	 to	 the	ancestral	NKCC,	
and	 mosquitos	 and	 lepidoptera	 experienced	 a	 second	 duplicaUon	
event	later	in	their	evoluUon.		














Fig.	 1:	 PhylogeneUc	 analysis	 of	
caUon-chloride	 cotransporter	 (CCC)	
amino	 acid	 sequences	 by	 the	
unweighted	pair	group	method	with	
arithmeUc	mean.	Gaps	are	excluded	





aquaUc	 environments	 that	 are	 oqen	 polluted	 with	 high	 concentraUons	 of	 ammonia,	 it	 is	
probable	 that	 some	 protein	 is	 responsible	 for	 NH4+	 movement	 in	 larvae.	 NH4+	 can	 also	
subsUtute	 for	 K+	 in	 some	 caUon-coupled	 cotransport,	 so	 these	 cotransporters	 serve	 as	
potenUal	candidates	for	NH4+	movement.			
At	 its	most	ancestral	 root,	 the	NKCC	seems	to	originate	 in	animals.	Other	members	of	 the	
SLC12	 superfamily	 of	 proteins,	 such	 as	 CCC-interacUng	 proteins	 (CIP1)	 and	 K+Cl-	
cotransporters	 (KCC),	 are	 seen	 in	animals	as	well	 as	other	eukaryotes,	 including	 fungi	 and	
proUsts.	 Insects’	 Na-dependent	 CCC	 duplicated	 aqer	 the	 divergence	 of	 vertebrates	 from	









We	 studied	 one	 group	 of	 osmoregulatory	 protein,	 known	 as	 caUon-coupled	 cotransporters	
(CCCs).	Using	 quanUtaUve	 PCR,	we	measured	 the	 expression	 of	Aedes	 aegyp*	 CCCs	 in	 larvae	



























































KCC Homo sapiens NP 001139435 1
 Hyalella azteca XP 018008645 1
 Marsupenaeus japonicus AMO44056 1
 Portunus trituberculatus ANU78813 1
 Scylla paramamosain ANJ60741 1
 Callinectes sapidus AAF05702 1
Malacostraca
 Homo sapiens NP 000329 2
 Homo sapiens NP 001037 1
Human NKCC
 Manduca sexta Msex008440
 Anopheles gambiae AGAP001557
 Aedes aegypti AAEL006180
Insect NKCC
 Daphnia pulex EFX74118 1
 Daphnia magna JAN35001 1
Branchiopoda
 Manduca sexta Q25479 1
 Manduca sexta Msex014748
 Aedes aegypti AAEL009888
 Aedes aegypti AAEL009886
 Anopheles gambiae AGAP003274






























0 mM 1 mM 5 mM
 Aedes aegypti AAEL009888
 Anopheles gambiae AGAP003275
Mosquito CCC3
 Aedes aegypti AAEL009886
 Anopheles gambiae AGAP003274
Mosquito CCC2
 Manduca sexta Q25479 1
 Aedes aegypti AAEL006180
 Anopheles gambiae AGAP001557
 Manduca sexta Msex008440
Insect NKCC
 Homo sapiens NP 001037 1
 Homo sapiens NP 000329 2
Human NKCC










Echinodermata Strongylocentrotus purpuratus NP 001106707 1
Cnidaria Hydra vulgaris XP 004212377 1
 Trichoplax adhaerens XM 002110577 1
 Trichoplax adhaerens XM 002110576 1 Placozoa
Cnidaria Acropora digitifera XP 015748716 1
Cnidaria Caenorhabditis elegans NP 001255790 1
Mollusca Octopus bimaculoides XP 014780902 1
Annelida Helobdella robusta XP 009013574 1
Porifera Amphimedon queenslandica XP 019858166 1
 Aedes aegypti AAEL009888
 Anopheles gambiae AGAP003275
 Anopheles gambiae AGAP003274
 Aedes aegypti AAEL009886
 Manduca sexta Q25479 1
 Portunus trituberculatus ANU78813 1
 Aedes aegypti AAEL006180
 Anopheles gambiae AGAP001557
 Manduca sexta Msex008440
 Homo sapiens NP 001037 1
 Homo sapiens NP 000329 2
Na-dependent CCC
 Plasmodiophora brassicae CEP01720 1
 Methanosarcina acetivorans WP 011024382 1
 Monosiga brevicollis XP 001742701 1
 Achyla hypogyna OQS00948 1
 Saprolegnia parasitica XP 012201192 1
 Aphanomyces astaci XP 009828464 1
Heterokonta (Protists)
H. sapiens CIP1 Homo sapiens NP 064631 2
 Basidiobolus meristosporus ORX88847 1
 Spizellomyces punctatus XP 016612389 1
 Tilletia controversa OAJ29483 1
 Ustilago maydis XP 011390902 1
 Wickerhamomyces anomalus XP 019038954 1
Fungi
 Naegleria gruberi XP 002675623 1
 Salpingoeca rosetta XM 004997226 1
 Monosiga brevicollis XM 001743609 1 Choanoflagellate
KCC Homo sapiens NP 001139435 1
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